Testing procedures are currently widely used by coaches to evaluate the effect of training programs, ergogenic aids, or nutrition on physiological responses to exercise. With the advances in sport sciences, trainers can assess training status of athletes from the determination of various indices. Nevertheless, certain methodological considerations have to be taken into account to ensure good measurement accuracy. Testing procedures have to be valid, accurate and reliable.
has been reported for CWT and CTT. Table 1 presents the results of the different studies investigating reproducibility of performance of such kinds of tests.
The procedure to assess the training status of an athlete must take into account the specificity of the activity [5] . In swimming, CWT, CTT, and CPT are widely used to assess the training status of the swimmers [6, 7,19, 28, 30 -32] . Nevertheless, there is a lack of information about the reliability of such tests in swimming.
Hence, the aim of this study was to test the reproducibility of the CPT and to compare it with those of CWT and CTT in swimming. It was hypothesised that the reproducibility of CWT and CTT are higher than that of CPT in swimming. Training & Testing
Material and Methods

Subjects
Sixteen well trained swimmers (20.7 ± 2 years; four females and twelve males) volunteered for this study. Height, body mass and arm span values were, 179 ± 8 cm and 170 ± 7, 70 ± 8 and 61 ± 5 kg, and 185 ± 7 and 172 ± 7 cm, for male and female respectively. They had been training for 11 ± 2 years, at a frequency of 6 ± 2 training sessions per week, prior to the study being conducted. Their performances in the 400 m front crawl stroke corresponded to 75 ± 3 % of the world record on the short course pool, with values of 75 ± 4 % and 76 ± 1 % for female and male, respectively. Before the protocol, they were informed of the procedure and gave written consent to participate and then underwent a complete medical examination. During the testing period, the subjects also performed their training programs between the test days, but adapted the intensity and total volume of training.
Testing procedures
The tests were performed in a 25-m indoor swimming pool, using the front crawl stroke, and the start of the trials took place in the water. During all the tests, environmental conditions were standardised (water temperature was fixed at 298). The subjects performed all the trials with at least 24 h of rest between each trial to minimise the fatigue effects. To avoid any influence of circadian variance, they performed their trials at the same time of the day. They were also asked to maintain their normal diet throughout the study. For the day prior to each exercise trial, the ingestion of alcohol and caffeine was not allowed. All subjects performed three trials of each type of test adapted from the constant work, constant time, and constant power laboratory test (CWT, CTT, and CPT) used in cycling and running. The first trial corresponded to a learning trial to accustom the swimmers to the conditions of the different types of performance tests and was not included in the statistical analysis [17, 18] . Thus, the statistical analysis was based on a test re-test procedure. The remaining trials were realised by subjetcs in a randomized order. The swimmers were asked to carry out their own warm-up and to repeat the same one before each trial of the same type of test. The subjects were encouraged during each trial to perform as well as possible in each repetition. All tests were designed to last the same duration to allow comparison of the reproducibility of the results.
Protocol 1: The Constant Distance Test (CDT)
This test was an adaptation of the Constant Work Test (CWT). Subjects were required to cover 400-m as fast as possible. The mean velocity over this distance has been shown to be highly correlated to the Maximal Aerobic Velocity in swimming [16] . The performance measured corresponded to the time spent performing a trial (expressed in second s).
Protocol 2: The Constant Time Test (CTT)
For this type of test, the subjects had to cover the longest distance possible in a five-minutes time trial. During these trials, the swimmers were unaware of the elapsed time. An experimenter walked along the edge of the pool at the level of the swimmer's head, which was the anatomical reference to measure the distance covered. When the five minutes had elapsed, the operator stopped at the location of the swimmer's head at that precise moment. Then the performance measured corresponded to the distance travelled by the swimmers within five minutes, expressed in meters (m).
Protocol 3: The Constant Velocity Test (CVT)
This test was an adaptation of the Constant Power Test (CPT) [10] . Subjects were required to swim at a Constant Velocity (CVT), until exhaustion. Despite the randomised order of the tests, at least one CDT preceded the first CVT. For instance, to determine the imposed velocity, mean velocity (V 400 in m · s -1 ) in the CDT was calculated from the ratio between the distance (400 m) with the time spent covering it. The swimming velocity corresponded to 100% of V 400 and was imposed by a visual pacer with flashing lights (Baumann, Cologne, Germany). This apparatus is composed of an independent computer and a row where lights are placed every 5 m from the wall of the pool. The firing rate of the lamps was directed via an independent computerised control unit. The swimmers were instructed to keep their feet above the active lamp and the test continued until the swimmer's head showed behind the active lamp. Some swimmers had difficulties to adapt their own velocity instantaneously to the imposed one, due to the space which separated each light. Thus two operators walked on each edge of the pool at the prescribed velocity so that the swimmers could see them. Some marks had been laid out according to the lamps of the visual pacer, and the corresponding split times were provided to the operators. To ensure that operators imposed the correct velocity, they had a period of familiarisation for each velocity before each test. The swimmer was asked to maintain his feet at the level of the pacer. When the experimenter's feet were at the same level as the swimmer's head, the test was stopped. Measurement of performance is the time from the start of the trial until the point of exhaustion, expressed in seconds (s).
Statistical analysis
As the first trial was devoted to learning, the statistical analysis was conducted on the second and the third trials.
Means and standard deviations were used to represent the average and the typical spread of values of the performance for CDT, CTT, and CVT. The Normal Gaussian distribution of the data was verified by the Shapiro-Wilk's test. Homoscedasticity was tested by the Levene test. The compound symmetry, or sphericity, was checked by the Mauchley test [34] . Sphericity is defined as the assumption that, in repeated measures designs, the variance among the repeated measurements is the same (homogeneity of variance), and that the relationships or correlations among all the combinations of repeated measurements are the same (homogeneity of covariance). When the assumption of sphericity was not met, the significance of F-ratios was adjusted according to the Greenhouse-Geisser procedure, when the epsilon correction factor was < 0.75, or according to the Huyn -Feld procedure, when the epsilon correction factor was > 0.75; [29] . A paired Student's "t" test was performed to detect the presence of a systematic bias between trials. The test-retest correlation of the measurements between the two tests was evaluated through the calculation of the Pearson's product moment (r). The within-subject variability was calculated as the Standard Deviation (SD) of an individual's repeated measurement, expressed as a percent of their individual mean tests score [9] . An overall CV was calculat-ed as the mean ± SD of the individual's CV over the two repetitions in each type of test. A one-way analysis of variance (ANOVA) was then used to compare the mean CV values of the three types of test. Pairwise comparisons were made with the Newman-Keuls post-hoc test. The threshold for significance was set at the 0.05 level of confidence. This part of the statistical analysis was realised with the use of the STATISTICA 6.0 software for PC.
Secondly, the power (p) of the experimental design (t-test) was calculated according to the method presented by Bausell and Li [1] . The power is the ability of a test to correctly reject a false null hypothesis and thus allows the experimenters to estimate the probability of the type II error (i.e an incorrect decision to accept the null hypothesis). Based on the power value, the investigators can decide whether additional subjects are needed before rejecting or accepting the null hypothesis and thus reach a sufficient power (a power value p of 0.8). In this way, n est represents the number of subjects in the sample required to reach a power of 0.8. However, a great majority of studies in physical activities do not show considerable numbers of subjects. Thus, the calculation of the power design allows determination of the smallest difference (diff in percentage [%] ) that the experimental design can detect with a reasonable sample size. This value represents the minimum value which can be found to lead to the statement that there is a significant test-retest difference on the dependant variable studied for a group of subjects with a power value of 0.8. This procedure was performed for CDT, CTT, and CVT.
Results
The Constant Distance Test
The mean time values for CDT were 292.79 ± 20.43 s and 294.13 ± 20.63 s for the first and second trials respectively. This resulted in a mean CV value of 0.56 ± 0.60 %. The values of individual CV ranged from 0.05 % to 1.99 %. The correlation coefficient between the performance values of the first and the second trials was 0.98. No significant difference was observed between the first and the second trials. The power of the t-test was then 0.22. To reach a power value of 0.8, the sample (n est ) must include at least 80 subjects. The minimum detectable difference value (diff) was 1.06 %.
The Constant Time Test
The mean distances covered by the swimmers during five minutes were 408.93 ± 27.01 m and 410.25 ± 26.54 m for the first and the second trial respectively. These performances did not differ significantly. The mean CV value was 0.69 ± 0.54 %, and individual CV values ranged from 0% to 1.99 %. The correlation coefficient value was 0.98 between the performances of the two trials. The statistical power of t-test for CTT was 0.17. To reach a power value of 0.8, the sample (n est ) must include at least 113 subjects. The minimum detectable difference value (diff) was 0.89 %.
The Constant Velocity Test
The mean values of time to exhaustion were 286.93 ± 73.79 s and 281.15 ± 82.52 s for the first and the second trial respectively. These mean results yielded a mean value of CV of 6.46 ± 6.24 %.
Individual CV values ranged from 0.27 to 20%. The retest coefficient of correlation was 0.93. No significant difference was observed between the two trials. The power value of the t-test was 0.11. The sample of subjects (n est ) needed to reach a power value of 0.8 was 228. The minimum detectable difference value (diff) was 6.6 %.
Both CDT and CTT showed significant lower mean values of CV than CVT (p < 0.01). The mean values of CV for CDT and CTT did not differ significantly.
Discussion
The aim of this study was to compare the reproducibility of the measurement of performance carried out in three types of test used in swimming. As the planning of a training program over a season is based on regular checking of the training status of the swimmer, reliability in measurement is vital. Thus, the tests used have to be the most sensitive to detect the smallest meaningful modification in the training level.
The present study is the first which aims to compare the reproducibility of CVT, CDT and CTT in swimming. The main results of this study showed the poorer reproducibility of CVT, in comparison with CDT and CTT, as previously observed in other physical activities. The within-subject variability for CDT and CTT was significantly lower (mean CV values of 0.56 ± 0.6 % and 0.63 ± 0.54 % respectively) than for CVT (mean CV value of 6.46 ± 6.24 %). The retest correlation was also higher for CDT and CTT (r = 0.98 for both) than for CVT (r = 0.93).
A continuous exercise at a constant power or velocity until exhaustion is widely used as a performance test in the laboratory to assess the training status of athletes. The within-subject variability in swimming is in accordance with previous studies [2, 15] which propose protocols at comparable intensities in cycling and running respectively (mean values of CV of 6 % and 7.82 %). In contrast, the mean CV value of the current study was less than those previously reported by Krebs and Power [12] , McLellan et al. [17] , and Jeukendrup et al. [11] , (means CV of 20.3 %, 17.3 %, 26.6 %, respectively) which proposed protocols at submaximal intensities. According to the whole results, it can be supposed that the lesser the intensity imposed, the higher the within-subject variability of the results. Tests at submaximal intensity could require more motivation to reach a complete state of exhaustion, which might induce a greater variability in the performance results. CVT at different intensities has to be conducted on the same population to assess this supposition.
CDT and CTT are strongly reproducible. The mean values of CV and the values of Pearson's moment product suggest that CDT and CTT are reliable and sensitive to the smallest meaningful variation of the physical fitness of the swimmers. Whatever the physical activity, the CV rarely exceeds 4 % ( Table 1) . These results do not seem to be affected by the distance (or work) to be covered or the length of the time trial. Nevertheless, our mean CV values are slightly less than those of the previous studies. This could be explained by the environmental conditions of the protocol, which might give some information to the swimmers [4] (i.e.
the count of pool lengths realised; so-called informative factor) that an athlete on a motionless ergocycle cannot establish. For example, the tests of the current study could have been performed in a swimming flume. Further studies could be conducted to determine the influence of informative factor on the performance (via an analysis of its variability, for example).
It seems that the reliability is higher when the end of the test is set beforehand, as already mentioned by Jeukendrup et al. [11] . Several factors can explain the greater variability of CVT compared to CTT and CDT. Firstly, CVT does not mimic normal competitive situations in which athletes compete over a set distance [22] . This is, however, a type of exercise not used extensively during training, when the majority of the exercises are based on a set distance or on a certain time, during which the maximal distance is to be covered. Thus, the fact of the swimmers being unused to performing CVT, despite the learning trial, could contribute to the variability of their performances. Secondly, the swimmer does not have a concrete objective in an open-ended exercise. Psychological factors may contribute in significant performance changes, independent of the experimental manipulation. In this way, Wilmore [33] suggested that these factors could affect the amount of work that an athlete can deliver. Motivation, boredom and/or monotony might influence the will of the swimmer to reach a complete exhaustion state in an open-ended exercise compared to a test where the end-point is known [11] . This variability leads to the conclusion that time-to-exhaustion tests prevents any prediction in terms of exercise duration at a precise imposed intensity [27] and prevents coaches from reaching conclusions about an unquestionable enhancement of the physical fitness, when only one swimmer is considered (CV ranging from 0.27 to 20 %). Nevertheless, the absence of any systematic bias between test and retest suggests that, on a group of swimmers, CVT is suitable to analyse the effects of any constraints on the time to exhaustion at an imposed velocity. Moreover, CVT ensures that the swimming intensity is well controlled during tests, whatever the constraint imposed.
Even if CDT is a closed-loop task, its greater reproducibility could also be explained by its characteristics, which are identical to the competition event. Thus, subjects can more easily repeat an exercise to which they are accustomed. Nevertheless, as already underlined by Stewart and Hopkins [26] , who analysed competition results which were spaced 20 days apart (mean CV of 1.7 %), the very small within-subject variations in the 400 m are sufficient to strongly influence the performance and thus, determine the final place of the swimmer in competition. It seems relevant to determine the causes of such variation considering the different components of the trials, through the time spent to swim, and turn, and start. Such analysis was not conducted in the present study and represents a perspective for further investigations. The good CTT reliability could also be explained by the use of swimmers practicing this kind of exercise during training session.
The second main finding of this study concerns the post-hoc power calculation of the t-test. According to Bausell and Li [1] the statistical power is computed before the study's final data are collected. It involves hypothesising the smallest effect size which is most likely to occur based on the study's theoretical and empirical context. It ensures, with a sufficient power (80 %), that there will be an effect, or a significant difference in performance of an experimental group induced by a training program or other treatment. However, no study provides any value of effect size which can be expected to occur in a procedure based on a test-retest protocol in physical activities. Thus, the statistical power process is conducted in an inverse manner, i. e. the power of the experimental design is determined in a first step, after the data collection. This process was carried out by Kyle et al. [13] on three repetitions of an incremental protocol and by McLellan et al. [17] on five repetitions of time to exhaustion at submaximal intensity. The post-hoc power calculations of the present study showed lower values than those of McLellan et al. [17] . The number of trials could explain this difference. However, because of the high intensity of the tests in the present study, the overall number of the trials, and to avoid any loss of interest for the experimental design, the swimmers only performed three trials of each type of test. The low power of CVT could be explained by greater typical spread of values of the performance, compared to those of CDT and CTT.
As underlined by McLellan et al. [17] , a sample size of 16 subjects should be adequate to perform a study in physical activity. However, whatever the type of performance test-retest considered, the statistical power of the experimental design (t-test) was insufficient to ensure that there was no significant difference between the second and the third trial. Hence, theoretical sample size was determined. The most powerful t-test required the lowest sample size (n = 80 for CDT). In this way, CVT requires a very great number of subjects (n = 228). The limited number of repetitions could explain these values which are higher than those of Kyle et al. [13] and McLellan et al. [17] . Nevertheless, such sample size is rarely used in physical activity studies. In this way, the minimum detectable difference (diff) was determined. Due to the typical value spread of the performance for CVT, the largest diff value was found in this test. In practical terms, it means that if one were to study the effects of any constraint or treatment on the time-to-exhaustion in CVT at 100% of V 400 on a group of 16 trained swimmers, at least a difference of 6.6 % of the value of the preconditioning time to exhaustion (which represents a difference of 21 s) would have to be observed before considering that a true effect could be reliably detected. This value could serve as a basis for future investigations, the aim of which would be to study the effects of any constraints on performance by using CVT.
Conclusion
To conclude, CDT and CTT seem to be highly reliable. They allow detection of the smallest meaningful changes in physical fitness of swimmers and should be sensitive enough to detect any effect of diet regime or other treatment. If the variability of time to exhaustion during CVT prevents us from concluding on any modifications in the training status of a swimmer, this kind of test offers the advantage to the experimenter of analysing the effects of any constraint on performance in controlled experimental conditions (i.e. without any variation in the imposed swimming intensity) on a group of swimmers. The calculation of the minimal detectable difference in the present study could serve as a basis for further investigations, whose aim would be to analyse the effect of any treatment on a sample of swimmers.
